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Introduction 
The surgical option which should be reserved for patients with BRCA1/2 mutation and breast 
cancer diagnosis is still debated. For women without BRCA mutation, breast-conserving therapy 
(BCT), i.e. breast-conserving surgery (BCS) followed by radiation therapy (RT), is the treatment of 
choice as it offers similar survival to that of unilateral mastectomy1-2. However, after a breast 
cancer diagnosis in BRCA-mutation carriers, the optimal local management remains a matter of 
debate. Initial concerns about the potential harmful effects of radiation therapy after BCS in patients 
with mutated BRCA turned out to be unsubstantiated3-4 and several studies support the conservative 
surgery as a reasonable option. However, several aspects should be considered before the surgical 
decision-making: the risk of ipsilateral breast recurrence (IBR), the risk of contralateral breast 
cancer (CBC), the potential survival benefit of prophylactic mastectomy, and the possible risk 
factors that could either increase or decrease the risk for IBR or CBC. This aspects may be helpful 
to identify a goup of patients candidates for more aggressive treatments.  
 
Is the BCT option worse than unilateral mastectomy? 
Studies comparing risk of ipsilateral breast cancer recurrence (IBR) following BCT between 
carriers and non-carriers are largely retrospective and have generated conflicting results. Several 
studies conclude that breast conservative therapy does not increase the risk for IBR in BRCA 
mutation carriers compared to non-carriers, however, an increased risk for IBR in carriers was 
observed in studies with longer follow-up. A recent meta-analysis5, including 526 BRCA mutation 
carriers and 2320 controls, analysing ten studies (6 cohort and 4 case-control), demonstrated no 
significant difference in the rates of IBR for BRCA-mutation and controls (17.3 % and 11 % 
respectively, RR 1.45, 95 % CI 0.98–2.14, p value = 0.07) (Table 1).  
 
Table 1: Risk for IBR in BRCA mutation carriers versus controls5 
Cohort studies Risk Ratio (95% IC) 
Brekelmans 20076 0.61 [0.33, 1.11] 
Chappuis 20007 0.97 [0.22, 4.15] 
El-Tamer 20048 3.22 [1.15, 9.01] 
Haffty 20029 2.15 [1.13, 4.07] 
Robson 199810 0.46 [0.06, 3.34] 
Robson 200411 1.57 [0.73, 6.36] 
Subtotal (95% IC) 1.32 [0.70, 2.46] 
Case-control studies  
Eccles 200112 0.69 [0.30, 1.58] 
Garcia-Etienne 200913 4.50 [1.32, 15.35] 
Kirova 201014 1.90 [1.22, 2.97] 
Pierce 200615 1.51 [0.89, 2.56] 
Subtotal (95% IC)   1.60 [0.94, 2.56] 
Total (95% IC) 1.45 [0.98, 2.14] 
 Stratifying patients according to follow up the AA confirm no significant difference in local 
recurrence between carriers and controls in studies with a median follow-up <7 years (6 studies: 
1212 patients, local recurrence 11.7% carriers versus 8.9% controls, RR 1.38, 95% CI 0.53-3.60, p 
= 0.51); however, in studies with longer follow-up (5 studies, 1634 patients) the incidence of local 
recurrence among BRCA mutation carriers increased substantially to 23.7% as compared to 15.9% 
among controls (RR 1.51, 95% CI 1.15 -1.98, p < 0.003). This occurrence may be explained by a 
higher risk for new primary cancers in carriers, since their mutation-related risks continue to affect 
the residual breast tissue after removal of the first lesion. No overall survival (OS) difference was 
observed between BRCA mutated patients and controls who choosed to undergo breast-conserving 
surgery. 
As to the risk for IBR in BRCA mutation carriers after mastectomy versus BCT few data are 
available in literature. Patients who underwent BCT had higher risk for IBR than patients with 
mastectomy with a cumulative estimated risk of 23.5% vs. 5.5%, respectively, at 15 years 
(p<0.0001). However, no significant difference in breast-cancer specific or overall survival was 
observed by local treatment type at 15 years. Breast cancer-specific survivals with BCT were 93.5% 
vs. 92.8 with mastectomy (p=0.85). Overall survivals with BCT group were 91.8% and 89.8% with 
mastectomy (p=0.73)3. When the pattern of IBR in each group is analyzed, IBRs in BCT-group are 
mostly new primary cancers while in mastectomy-group they are true recurrences. The lack of 
survival difference between mastectomy and BCT may reflect the differences in the type of IBRs 
between the two groups since new primary cancers have biologically less aggressive phenotype 
than true recurrences. A recent study  comparing breast-conserving therapy and mastectomy in 
BRCA1/2 mutation carriers reaches the same conclusions. Compared to mastectomy, BCT is 
associated with an increased risk of IBR also in multivariable analysis adjusting for tumor stage, 
age, and use of adjuvant chemotherapy (HR 2.9; CI 1.1–7.8). The cumulative incidence of LR in the 
BCT group was 32 % after 15 years versus 9% in the Mastectomy group, but there were no 
significant differences between BCT and mastectomy for OS, breast cancer death, or distant 
recurrence. Following mastectomy, local recurrences (LR) were seen in the first 5 years after breast 
cancer diagnosis, while following BCT, the rate of LR continued to be high also after the first 5 
years (Table 2)16. 
 
Table 2:  Five, ten, and fifteen-year cumulative incidences (%) of death of any cause, breast cancer 
death, distant recurrence, and local recurrence as first recurrence (LR) split on mastectomy (M) or 
breast conserving therapy (BCT), and the corresponding hazard ratios (HR)16 
 
 local 
recurrence 
distant recurrence breast cancer 
death 
death of any cause 
 M BCT M BCT M BCT M BCT 
Adjusted*HR 
(95% IC) 
1.0 2.9  
[1.1-7.8] 
1.0 1.8  
[0.9-3.5] 
1.0 1.6  
[0.8-3.3] 
1.0 1.4  
[0.8-2.5] 
         
* Adjusted for TNM stage, age at diagnosis, and use of (neo)adjuvant chemotherapy 
 
The potential risk factors for IBR after BCT in BRCA-mutation carriers were extensively studied. 
Two factors, supported by a moderate level of evidence, were found to be protective against IBR: 
the use of adjuvant chemotherapy (RR 0.51, 95 % CI 0.31–0.84), and oophorectomy (RR 0.42, 95 
 % CI 0.22–0.81)5. In the same meta-analysis the use of adjuvant tamoxifen was not significantly 
associated with IBR (level of evidence: moderate), even if another study claims the protective effect 
of Tamoxifen independent from being mutation carrier or not3.  
 
Does contralateral prophylactic mastectomy (CPM) offer any additional advantages 
compared to BCT or unilateral mastectomy? 
Patients with BRCA mutation had a higher risk for contralateral breast cancer (CBC) compared 
with non carriers (RR 3.56, 95 % CI 2.50–5.08, p value < 0.001) and BRCA1-mutation carriers had 
an increased risk for CBC compared to BRCA2-mutation carriers. Pooled rates of CBC in a meta-
analysis of 11 studies (7 cohort and 4 case-control), including 807 carriers and 3163 controls were 
23.7% and 6.8% respectively (RR 3.56, 95% CI 2.50-5.08, p < 0.001) (Table 3)5.  
 
Table 3: risk for CBC: BRCA-mutation carriers versus non-carriers5 
 
Cohort studies Risk Ratio (95% 
IC) 
Brekelmans 20076 3.54 [2.28, 5.49] 
Chappuis 20007 7.97 [1.39, 45.81] 
El-Tamer 20048 1.74 [0.98, 3.11] 
Haffty 20029 4.77 [1.86, 12.24] 
Robson 199810 4.88 [1.89, 12.58] 
Robson 200411 3.51 [2.05, 6.01] 
Stoppa-Lyonnet 200017 0.89 [0.39, 2.04] 
Subtotal (95% IC) 2.90 [1.85, 4.53] 
Case-control studies  
Eccles 200112 3.60 [2.15, 6.03] 
Garcia-Etienne 200913 15.0 [1.79, 125.57] 
Kirova 201014 3.67 [2.07, 6.48] 
Pierce 200615 8.34 [4.45, 15.63] 
Subtotal (95% IC)   5.0 [2.97, 8.40] 
Total (95% IC) 3.56 [2.50, 5.08] 
 
Among 7 studies investigating the risk difference between BRCA1 and BRCA2 carriers (1,532 
BRCA1-mutation carriers, 950 BRCA2- mutation carriers), the rates of CBC were 21.1% and 
15.1%, respectively (RR 1.42, 95% CI 1.01-1.95, p <0.04)5. Another meta-analysis18 yielded similar 
results with a cumulative 5-years risk of CBC for BRCA1 and BRCA2 mutation carriers of 15% 
and 9%, respectively. The risk increases with  time after the first breast cancer diagnosis, growing at 
10-years up to 27% and 19%, respectively. In contrast, the 5-years cumulative risk was substantially 
lower in non-BRCA carriers (3%) and remained the same over the subsequent years (5% at 10 
years). Bilateral mastectomy is intended to prevent CBC in BRCA mutation carriers. However, no 
difference in survival was found if a contralateral prophylactic mastectomy was performed or not, 
but specific studies are small and the median follow-up relatively short5. Two studies6-19 on breast 
cancer specific survival (BCSS), with a median follow-up time of 4.3 and 3.4 years respectively 
showed no difference between patients with BRCA-mutation who underwent contralateral 
prophylactic mastectomy and patients with BRCA-mutation who did not undergo prophylactic 
 mastectomy (HR 0.78, 95 % CI 0.44–1.39, p value = 0.40). Only one study19 on overall survival 
(OS), achieved a significant difference between two groups with 94% OS for the prophylactic 
mastectomy group versus 77% for the non-prophylactic mastectomy group (p value = 0.03). 
However, when adjusted for other factor as prophylactic oophorectomy women in the first group 
did not show a significantly better survival than those in the second group (HR 0.35, p value = 
0.14). The largest study with the longest follow-up on this topic was reported at the American 
Society of Clinical Oncology Annual meeting in 2013. A statistically significant improved survival 
in patients who underwent prophylactic mastectomy compared with those without mastectomy (10 
year OS 90% versus 80%, respectively) was reported20. However an important bias was that more 
patients in the prophylactic mastectomy group received adjuvant chemotherapy. This difference 
could result in improved OS, especially considering the greater sensitivity to chemotherapy of 
BRCA-associated breast cancers. Therefore, the question whether contralateral prophylactic 
mastectomy confers a survival benefit in carriers with breast cancer still remains open. Metcalfe et 
al. published a recent retrospective analysis with the aim to compare the survival rates of women 
with BRCA associated breast cancer who did and did not undergo mastectomy of the contralateral 
breast21. They conclude that BRCA mutated women treated for early stage breast cancer with 
bilateral mastectomy are less likely to die from breast cancer than women treated with unilateral 
mastectomy. At 20 years the survival rate for women who had contralateral mastectomy was 88% 
versus 66% for those who did not. After controlling for age at diagnosis, treatment, and other 
prognostic features, contralateral prophylactic mastectomy was associated with a 48% reduction in 
death from breast cancer (hazard ratio 0.52, 95% IC 0.29-0.93; P=0.03). Authors conclude 
predicting that of 100 women treated with contralateral mastectomy, 87 will be alive at 20 years 
compared with 66 of 100 women treated with unilateral mastectomy.  
CBC after a first breast tumor in BRCA mutated patients can be attributed to genetic predisposition, 
but it can also be related to the same external factors that cause CBC among non-carriers, including 
hormonal and reproductive factors. Analyzing the risk factors for CBC in BRCA-mutation carriers, 
in they recent meta-analysis, Velakis et al. identify two factors consistently associated with 
decreased risk: oophorectomy (RR 0.52, 95 % CI 0.37–0.74) and increased age at diagnosis (a 
cumulative HR is not defined in the meta-analysis). Metcalfe et al.22 demonstrated that CBC risk is 
higher for women diagnosed with first breast cancer at younger ages: diagnosis in women <50 years 
old was associated with increased risk of CBC at 15 years compared to diagnosis at >50 years 
(37.6% versus 16.8%, p <0.001). Similarly, in an previous study by Graeser et al.23, age >50 years 
at diagnosis was associated with decreased risk of CBC in BRCA1 patients. One additional factor 
that could reduced the risk for CBC is the use of adjuvant tamoxifen (RR 0.57, 95 % CI 0.43–0.75). 
This protective effect seems to be stronger in women who did not undergo oophorectomy (RR 0.42, 
95 % CI 0.27–0.63). The use of adjuvant chemotherapy did not alter the risk for CBC (RR 0.90, 95 
% CI 0.66–1.22) 5.  
 
Are there any risk factors that identify subgroups of patients that will gain more benefit with 
more aggressive surgical management? 
For higher-risk groups of BRCA mutated patients, a more-aggressive surgical approach may be 
preferable. However, ER tumor status, stage of the index lesion, and individual patient preferences 
should all be considered in the surgical decision-making process. As mentioned above, the use of 
adjuvant chemotherapy and performing oophorectomy are associated with a 50% decreased risk for 
IBR. As a result, in carriers who have not undergone oophorectomy, a more aggressive surgical 
approach (unilateral mastectomy or unilateral therapeutic mastectomy with concomitant 
 contralateral prophylactic mastectomy) might be more appropriate. When considering the risk for 
CBC, three risk factors were associated with significantly decreased risk: the use of adjuvant 
tamoxifen, performing oophorectomy and older age at first breast cancer diagnosis. As a result, 
younger patients that have not undergone oophorectomy and have not received adjuvant tamoxifen 
might constitute a subgroup of patients that might benefit from a more aggressive surgical 
approach. Also considering that BRCA1-mutation carriers have an increased risk for CBC 
compared to BRCA2-mutation carriers, available data suggest that young patients with BRCA1-
associated breast cancers would potentially derive the most benefit from an aggressive surgical 
approach. On the other end older patients with BRCA2-associated ER positive breast cancer may 
achieve adequate local control and take an acceptable risk of CBC with a less-aggressive surgical 
approach followed by anti-estrogen therapy. Prophylactic oophorectomy to reduce the risk of 
ovarian cancer should always be considered. 
 
Nipple sparing Mastectomy in BRCA mutated patients and Patients satisfaction after 
prophylactic mastectomy  
Contemporary therapeutic and prophylactic surgical management options include total 
mastectomy, skin-sparing mastectomy (SSM) and nipple sparing mastectomy (NSM), with the latter 
two surgical options having superior cosmetic results. For women with BRCA mutations candidate 
to mastectomy, preservation of the nipple-areola complex (NAC) may be highly important due to 
the generally younger age at time of surgery. In comparison to skin-sparing mastectomy, the nipple-
sparing approach may allow a superior cosmetic outcome and higher levels of patient satisfaction24. 
Several studies have shown that preservation of the NAC is safe with no increased risk of local 
recurrence in women with sporadic breast cancer25. The role of NSM in BRCA mutation carriers 
has not been well clarified, limited data assessing oncologic outcomes in BRCA mutation carriers 
are currently available. An important concern regarding NSM in women with a BRCA mutation is if 
this surgical procedure is oncologically safe, because the retained breast ductal epithelium carrying 
the mutation, may be at risk for breast cancer development. Recent studies demonstrate no higher 
rates of tumor involvement of the nipple in BRCA-positive patients undergoing NSM and 
immediate reconstruction, low local–regional recurrence, and low development of new cancers26.  
There is a low probability of nipple involvement by premalignant or malignant lesions at time of 
prophylactic mastectomy in BRCA mutation carriers. Terminal duct lobular units (TDLUs) found 
within the NAC would provide a possible nidus for subsequent development of cancer; TDLUs was 
found in 9-25% of nipple specimens27, but the significance of this for long-term risk is unknown. 
The rate of tumor involvement of the NAC in studies with significant numbers of BRCA-positive 
patients in their cohorts undergoing prophylactic SSM (with NAC excision) is 0–5.6 %28-29. One 
analysis of NAC specimens exclusively in BRCA-positive patients undergoing SSM for 
prophylactic indications showed no in situ or invasive cancer in any cases30.  Another  recent study 
whit specific analysis of NAC specimens in BRCA-mutated patients showed minimal rates of tumor 
involvement after either prophylactic or therapeutic mastectomy26. Several retrospective studies 
have shown on the average 18% nipple involvement by tumor in therapeutic mastectomy specimen 
from the general population;  in BRCA mutated patients the rate is comparable (19%)31. The rate of 
NAC involvement is strongly influenced by the patient selection and intraoperative evaluation of 
the tissue behind the NAC to try and minimize risk. In multivariate models, tumor size, stage, and 
tumor distance to nipple were predictors for occult nipple-areola involvement32-33. 
Concerning the oncological safety, several studies of nipple sparing mastectomy in high-risk 
woman have shown a low rate of development of new primary carcinoma in residual breast tissue34. 
 Data are limited regarding local recurrence after therapeutic mastectomy in BRCA mutation 
carriers, the rate seems to be similar to the cohort of non-mutation carriers with median follow-up 
of 50 months6. A recent study26 reports the largest series of BRCA positive patients who underwent 
NSM and specifically examines oncologic outcomes in this group of patients: at 4-year follow-up 
equivalent safety has been shown in BRCA carriers and in controls. NSM is an acceptable option 
for patients with BRCA mutations, with no evidence of compromise to oncological safety at short-
term follow-up35. Recently published studies have demonstrated oncologic outcomes after NSM 
comparable to those after skin-sparing mastectomy, with locoregional recurrence as low as 2% at 3-
year follow-up36. 
In patients candidates to conservative surgery for unilateral breast cancer, the decision to perform a 
contralateral prophylactic mastectomy (CPM) is more difficult to take. However, in general, women 
with prophylactic breast surgery, report to be highly satisfied with their decision, and believe that 
surgery greatly reduced the risk of developing cancer37-38. Frost has shown that positive outcomes 
following surgery include decreased emotional concern about developing breast cancer (75%) and 
generally favorable psychological and social outcomes. Borgen et al39 found that only 5% of 
respondents had significant regrets after prophylactic mastectomy. The majority of women reported 
no change or improvement of their emotional mood, reduction of the level of stress 
and no substantial change in sexual relationships and in perception of their woman’s image40. 
Depression of mood can occur after surgery, but it’s more likely attributable to the general 
circumstance of having cancer than to surgery and rarely requires drug therapy. Focusing on 
cosmetic results, most of women reported highly/moderate satisfaction. A large percentage of 
women lost touch sensitivity, but most of them reported favorable effects or no change in self-
esteem, satisfaction with body appearance, feelings of femininity, sexual relationships, level of 
stress in life, and overall emotional stability38. Only few women were negative in their responses 
reporting a change for the worse of their female image. Frost40 suggests that the basis for the 
difference in satisfaction with prophylactic mastectomy may be the possible complications 
associated with surgery as implant failure, esthetic implant concerns and silicone anxiety. The need 
for a reoperation was associated with dissatisfaction. Paradoxically, more women with 
subcutaneous mastectomy than women with simple mastectomy were dissatisfied with their 
decision and would not choose mastectomy again. In other series, subcutaneous mastectomy was 
performed more commonly than simple mastectomy; authors reported a small number of surgical 
complication and women reported the highest level of satisfaction with nipple sparing mastectomy 
and immediate reconstruction.  Any adequate discussion and counseling of BRCA mutated patients 
with unilateral breast cancer about the possible surgical management should also include the 
psychosocial and aesthetic dimension of each surgical intervention. 
 
Mastectomy and radiotherapy 
When considering the best surgical approach for the patient, it’s important to take into account the 
impact of adjuvant radiotherapy on the surgical outcomes following mastectomy and immediate 
or delayed breast reconstruction.  Post mastectomy radiation therapy (PMRT) following breast 
reconstruction may compromise aesthetic outcomes as well as increase complication rates for both 
implant (expanders or implants) and autologous reconstructions. The main complication of implant-
based reconstruction is the fibroproliferation of the capsular tissue around the breast implant with 
consequent capsular contracture, which leads to poor expansion due to the stiffening of the tissues. 
The breast deformation and pain, often require additional surgery and sometimes lead to 
reconstructive failure. Despite improvements in surgical technique and device manufacturing, 
 complications requiring reoperation were 37% and reconstructive failure was 16.8% in the study of 
Bassim el-sabawi  at al41.  Strategies to reduce the incidence of such complication are mainly 
focused on the timing of PMRT relative to the type of device. If no postmastectomy radiotherapy is 
planned, skin-sparing mastectomy or nipple-sparing mastectomy with immediate reconstruction 
involving implants is preferable. If post mastectomy radiotherapy is planned, the physician should 
consider the advantages and disadvantages of immediate versus delayed reconstruction and the type 
of device (expanders or implants). The second stage of breast reconstruction can be performed 
before or after post-mastectomy radiation therapy, but this strategy cannot by applied when 
performing NSM with one-stage reconstruction and immediate implant placement at the time of 
mastectomy. In the setting of immediate reconstruction, PMRT to permanent implants seems to be 
associated with a lower rate of reconstructive failure as compared to tissue expanders (18.8% vs. 
14.7%)41. In a study focused on the timing of PMRT, Cordeiro et al. compared 94 patients that had 
PMRT in the setting of tissue expanders to 210 patients that had PMRT in the setting of permanent 
implants42. The reconstructive failure rates were 18.1% with PMRT to tissue expanders and 12.4% 
with PMRT to permanent implants. The group with the irradiated permanent implants had 
significantly more Grade III and IV capsular contracture rates (44.6% v. 15.9%). In a similar study, 
Nava et al. reported reconstructive failures in 40% of women subjected to PMRT in the setting of 
tissue expanders versus 6.4% in the setting of permanent implants43. 
Another important issue is the prior chest or breast irradiation before mastectomy. Prior 
radiotherapy may increase the risk of complications after NSM and immediate reconstruction, 
including skin and nipple necrosis as frequent as 20 %44. Prior RT is not an absolute 
contraindication to NSM, although complication rates are higher in irradiated breasts, 
reconstruction failure and nipple/areola necrosis is infrequent45. However, before performing a BCS 
followed by RT it’s important to consider that prior radiotherapy increases the risk of complications 
in a possible subsequent NSM with immediate breast reconstruction.  
Conclusions 
Clinical guidelines regarding the surgical management of unilateral breast cancer for BRCA 
mutated patients are still missing. Mutation carriers with unilateral breast cancer need to be 
discussed by a multidisciplinary team and the counseling should be managed on a case-by-case 
basis. The evaluation should include several issues, namely: the current evidence of adequate 
oncological safety of BCT in BRCA mutated patients, the increased risk for CBC especially in 
BRCA1 carriers; the feasibility on NSM with a greater patient’s satisfaction for cosmetic results 
with no evidence of compromised oncological safety at short-term follow-up and finally the 
awareness that breast radiotherapy might increase the risk of complications in a possible subsequent 
mastectomy with immediate breast reconstruction.  
 
 
                                                 
1
 Clarke M, Collins R, Darby S. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) et al (2005) Effects of 
radiotherapy and of differences in the extent of surgery for early breast cancer on local recurrence and 15-year survival: 
an overview of the randomised trials. Lancet 366:2087–2106 
2
 Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-up of a randomized study comparing breast-conserving 
surgery with radical (Halsted) mastectomy for early breast cancer. N Engl J Med 2002;347:1227-32. 
3
 Pierce LJ, Strawderman M, Narod SA, et al. Effect of radiotherapy after breast-conserving treatment in women with 
breast cancer and germline BRCA1/2 mutations. J Clin Oncol 2000; 18:3360-3369. 
4
 JC Drooger, D Akdeniz, JP Pignol, LB Koppert, D McCool et al. Adjuvant radiotherapy for primary breast cancer in 
BRCA1 and BRCA2 mutation carriers and risk of contralateral breast 
                                                                                                                                                                   
cancer with special attention to patients irradiated at younger age.  Breast Cancer Res Treat (2015) 154:171–180 
5
 A Valachis, AD Nearchou, P Lind. Surgical management of breast cancer in BRCA-mutation carriers: a systematic 
review and meta-analysis. Breast Cancer Res Treat (2014) 144:443–455 
6
 Brekelmans CT, Tilanus-Linthorst MM, Seynaeve C et al. Tumour characteristics, survival and prognostic factors of 
hereditary breast cancer from BRCA2-, BRCA1- and non- BRCA1/2 families as compared to sporadic breast cancer 
cases. Eur J Cancer (2007) 43:867–876 
7
 Chappuis PO, Kapusta L, Be´gin LR et al. Germline BRCA1/2 mutations and p27(Kip1) protein levels independently 
predict outcome after breast cancer. J Clin Oncol 2000, 18:4045–4052 
8
 El-Tamer M, Russo D, Troxel A, et al. Survival and recurrence after breast cancer in BRCA1/2 mutation carriers. Ann 
Surg Oncol. 2004;11(2):157–64 
9
 Haffty BG, Harrold E, Khan AJ et al. Outcome of conservatively managed early-onset breast cancer by BRCA1/2 
status. 2002, Lancet 359:1471–1477 
10
 Robson M, Gilewski T, Haas B et al. BRCA-associated breast cancer in young women. 1998, J Clin Oncol 16:1642–
1649 
11
 Robson ME, Chappuis PO, Satagopan J et al. A combined analysis of outcome following breast cancer: differences in 
survival based on BRCA1/BRCA2 mutation status and administration of adjuvant treatment. 2004, Breast Cancer Res 
6:R8–R17 
12
 Eccles D, Simmonds P, Goddard J et al. Familial breast cancer: an investigation into the outcome of treatment for 
early stage disease. 2001, Fam Cancer 1:65–72 
13
 Garcia-Etienne CA, Barile M, Gentilini OD et al. Breastconserving surgery in BRCA1/2 mutation carriers: are we 
approaching an answer? 2009, Ann Surg Oncol 16:3380–3387 
14
 Kirova YM, Savignoni A, Sigal-Zafrani B et al. Is the breast-conserving treatment with radiotherapy appropriate in 
BRCA1/2 mutation carriers? Long-term results and review of the literature. 2010, Breast Cancer Res Treat 120:119 
15
 Pierce LJ, Levin AM, Rebbeck TR et al. Ten-year multiinstitutional results of breast-conserving surgery and 
radiotherapy in BRCA1/2-associated stage I/II breast cancer. 2006, J Clin Oncol 24:2437–2443 
16
 MP Nilsson, L Hartman, U Kristoffersson, OT Johannsson et al. High risk of in-breast tumor recurrence after 
BRCA1/2-associated breast cancer. Breast Cancer Res Treat (2014) 147:571–578 
17
 Stoppa-Lyonnet D, Ansquer Y, Dreyfus H et al. Familial invasive breast cancers: worse outcome related to BRCA1 
mutations. 2000, J Clin Oncol 18:4053–4059 
18
 E Molina-Montes,  B Perez-Nevot, M Poll, E Sanchez-Cantalejo et al. Cmulative risk of second primary contralateral 
breast cancer in BRCA1/BRCA2 mutation carriers with a first breast cancer: A systematic review and meta-analysis. 
The Breast 23 (2014) 721e742 
19
 Van Sprundel TC, Schmidt MK, Rookus MA, Brohet R, van Asperen CJ, Rutgers EJ et al. Risk reduction of 
contralateral breast cancer and survival after contralateral prophylactic mastectomy in BRCA1 or BRCA2 mutation 
carriers. Br J Cancer (2005) 93:287–292 
20
 Heemskerk-Gerritsen B, Hooning M, van Asperen CJ et al. Efficacy of risk-reducing mastectomy (RRM) on overall 
serviva (OS) in BRCA1/2-associated breast cancer (BC) patients. J Clin Oncol .  (2013)  Meeting Abstracts 31(15 
suppl):1502 
21
 K Metcalfe, S Gershman , P Ghadirian et al. Contralateral mastectomy and survival after breast 
cancer in carriers of BRCA1 and BRCA2 mutations: retrospective analysis. BMJ 2014;348 
22
 Metcalfe K, Gershman S, Lynch HT, Ghadirian P, Tung N, Kim-Sing C, et al. Predictors of contralateral breast cancer 
in BRCA1 and BRCA2 mutation carriers. Br J Cancer 2011;104:1384e92. 
23
 Graeser MK, Engel C, Rhiem K, Gadzicki D, Bick U, Kast K, et al. Contralateral breast cancer risk in BRCA1 and 
BRCA2 mutation carriers. J Clin Oncol 2009;27:5887e92. 
24
 Didier F, Radice D, Gandini S, Bedolis R, Rotmensz N, Maldifassi A et al. Does nipple preservation in mastectomy 
improve satisfaction with cosmetic results, psychological adjustment, body image and sexuality? Breast Cancer Res 
Treat 2009; 118: 623–633. 
25
 Petit JY, Veronesi U, Orecchia R, Curigliano G, Rey PC, Botteri E et al. Risk factors associated with recurrence after 
nipple-sparing mastectomy for invasive and intraepithelial neoplasia. Ann Oncol 2012; 23: 2053–2058. 
26
 AW Peled, CS Irwin, ES Hwang, CA Ewing, M Alvarado, LJ. Esserman. Total Skin-Sparing Mastectomy in BRCA 
Mutation Carriers. Ann Surg Oncol (2014) 21:37–41 
27
 C Reynolds, J A Davidson, NM Lindor, KN Glazebrook, JW Jakub et al. Prophylactic and Therapeutic Mastectomy in 
BRCA Mutation Carriers: Can the Nipple Be Preserved?. Ann Surg Oncol (2011) 18:3102–3109 
28Spear SL, Willey SC, Feldman ED, et al. Nipple-sparing mastectomy for prophylactic and therapeutic indications. 
Plast Reconstr Surg. 2011;128:1005–14. 
29
 Stolier AJ, Sullivan SK, Dellacroce FJ. Technical considerations in nipple-sparing mastectomy: 82 consecutive cases 
without necrosis. Ann Surg Oncol. 2008;15:1341–7. 
                                                                                                                                                                   
30
 Reynolds C, Davidson JA, Lindor NM, et al. Prophylactic and therapeutic mastectomy in BRCA mutation carriers: 
can the nipple be preserved? Ann Surg Oncol. 2011;18:3102–9. 
31
 Brachtel EF, Rusby JE, Michaelson JS, et al. Occult nipple involvement in breast cancer: clinicopathologic findings 
in 316 consecutive mastectomy specimens. J Clin Oncol. 2009;27(30): 4948–54. 
32
 Rusby JE, Brachtel EF, Othus M, et al. Development and validation of a model predictive of occult nipple 
involvement in women undergoing mastectomy. 
33
 D'Alonzo M, Martincich L, Biglia N, Pisacane A, Maggiorotto F, Rosa GD et al. Clinical and radiological  redictors 
of nipple-areola complex involvement in breast cancer patients. Eur J Cancer 2012 Oct;48(15):2311-8. 
34
 Rebbeck TR, Friebel T, Lynch HT, et al. Bilateral prophylactic mastectomy reduces breast cancer risk in BRCA1 and 
BRCA2 mutation carriers: the PROSE Study Group. J Clin Oncol. 2004; 22(6):1055–62. 
35
 AT Manning, C Wood, A Eaton, M Stempe et al. Nipple-sparing mastectomy in patients with BRCA1/2 mutations and 
variants of uncertain significante. BJS 2015; 102: 1354–1359 
36
 Peled AW, Foster RD, Stover AC, et al. Outcomes after total skin-sparing mastectomy and immediate reconstruction 
in 657 breasts. Ann Surg Oncol. 2012;19:3402–9. 
37
 Fuller S, Anderson RC. Adjustment issues related to bilateral prophylactic mastectomy in women at elevated risk of 
developing breast cancer. Plast Surg Nur. 2009 Jan-Mar;29(1):33-8. 
38
 Biglia N; Piva E; Ponzone R, D’Alonzo M; Peccio S; Pasini B. Satisfaction and Impact on Quality of life of clinical 
and instrumental surveillance and prophylactic surgery in women carrying a BRCA mutation. Submitted  
39
 Borgen P, Hill A, Tran K, et al. Patient regrets after bilateral prophylactic mastectomy. Ann Surg Oncol 1998;5:603-
606. 
40
 Frost MH, Schaid DJ, Sellers TA et al. Long-term satisfaction and psychological and social function following 
bilateral prophylactic mastectomy. JAMa. 2000 Jul 19;284(3):319-24. 
41
 B El-Sabawi, M Sosin, JN Carey et al. Breast Reconstruction and Adjuvant Therapy: A Systematic Review of 
Surgical Outcomes. Journal of Surgical Oncology 2015;112:458–464 
42
 Cordeiro PG, Albornoz CR, Mccormick B, et al. What is the optimum timing of post-mastectomy radiotherapy in 
two-stage prosthetic reconstruction: Radiation to the tissue expander or permanent implant? Plast Reconstr Surg 
2015;135:1509–1517. 
43
 Nava MB, Pennati AE, Lozza L, et al. Outcome of different timings of radiotherapy in implant-based breast 
reconstructions. Plast Reconstr Surg  011;128:353–359. 
44
 Chen CM, Disa JJ, Sacchini V, et al. Nipple-sparing mastectomy and immediate tissue expander/implant breast 
reconstruction. Plast Reconstr Surg. 2009;124:1772–80. 
45
 R Tang, SB Coopey,  AS Colwell, MC Specht et al. Nipple-Sparing Mastectomy in Irradiated Breasts: Selecting 
Patients to Minimize Complications. Ann Surg Oncol (2015) 22:3331–3337 
 
 
 
 
